Background: Pre-emptive screening of urine for patients admitted to an intensive care unit can result in the misinterpretation of data and over-or under-treatment of urinary tract infection. Methods: Data were studied from 169 consecutive patients admitted to the neurologic or burn intensive care unit at Shands Hospital at the University of Florida. All patients had a urinary catheter in place at the time of admission. Urinalysis and urine culture were sent for analysis. Data included leukocyte esterase, urine nitrate, urine protein, pyuria or urine white blood cell count, and culture. Results: Leukocyte esterase and pyuria were the most sensitive indicators of a positive urine culture at 87.5% (95% CI: 71.3-100%) and 73.3% (95% CI: 51.0-95.7%), respectively; urine nitrate was specific at 100%. More than half of the patients (56.3%) with positive cultures did not initially receive antibiotics. Conclusion: The combination of leukocyte esterase and urine nitrate provides the best indicator for the initiation of antibiotic coverage for urinary tract infection prior to culture availability. Anestezjologia Intensywna Terapia 2017, tom 49, nr 3, 210-215 Key words: urinary tract infection; leukocyte esterase; urine nitrate; urine white blood cell count; urine protein Należy cytować wersję anglojęzyczną: Lee SP, Vasilopoulos T, Gallagher TS. Sensitivity and specificity of urinalysis samples in critically ill patients.
Hospital-acquired infections (HAI) represent a significant economic and public health burden to the American healthcare system. Estimates indicate that approximately 99,000 patients die each year from an HAI illness, with an annual cost ranging from 4.5 to 11 billion American dollars [1] . The leading cause of HAI is catheter-associated urinary tract infection, accounting for 40% of all nosocomial infections [2] . In 2008, as an incentive for hospitals to improve their infection-control practices and avoid financial loss, Medicare ceased reimbursing hospitals for procedures resulting in certain HAIs, including hospital-acquired catheter-associated urinary tract infection [3] . This has caused some institutions to implement policies that pre-emptively screen for infection on admission, regardless of whether the patient exhibits any signs or symptoms related to targeted organ system infection. The public health and economic ramifications of these pre-emptive screening strategies have yet to be examined in detail. There are concerns, however, that widespread screening could result in unintended consequences, such as patient-selection bias and the overuse of antibiotics, which leads to antibiotic resistance [4] .
Critically ill patients, especially those who are mechanically ventilated, are frequently catheterized for the purposes of monitoring fluid status and relieving bladder congestion. These patients fail to develop the classical manifestations of urinary tract infection (pain, dysuria, urgency, fever, and leukocytosis) even when urine culture results are positive [5] . In these instances, a positive urine culture itself often prompts the initiation of antibiotic therapy. As the urine culture result may take several days, urinalysis is frequently relied upon to predict urine culture growth and for the initiation of early antibiotics. Protocol-driven urine screening can increase the number of urinalysis samples being sent, while correct interpretation of urinalysis has become more important.
The utility of urinalysis to predict urine culture growth has been extensively studied in outpatient and emergency department settings. Although leukocyte esterase has a reported sensitivity of 50% to 97%, its specificity is only 41% to 86%. Abnormal nitrite demonstrates greater specificity (92% to 100%), but suffers from poor sensitivity (19% to 48%). Similar to leukocyte esterase, pyuria (≥ 5 WBCs per hpf ) also has a high sensitivity (94% to 100%), but poor specificity (47% to 50%). Microscopic haematuria and proteinuria are of limited utility as they demonstrate only intermediate sensitivity and specificity [6] [7] [8] . In a context where history and physical examination often prompt diagnostic testing, however, this can lead to selection bias and affect results. Few studies have evaluated the utility of urinalysis components to predict urine culture results in the intensive care unit (ICU) setting, where history and physical exams are limited at best, as patients are critically ill or unable to communicate.
In this study, we investigated how well various components of urinalysis in the ICU setting were able to predict urine culture results. We also performed a secondary analysis to determine how frequently antibiotics were started appropriately in anticipation of a positive culture result, and the incidence of inappropriate antibiotic exposure in relation to a negative culture. We further examined the various aspects of the urinalysis that were drivers of antibiotic initiation.
METhODS

PatiEnts and sEtting
The study protocol was approved by our university's Institutional Review Board. Written consent was waived for this review. This was a retrospective cohort study of all catheterized patients directly admitted to the neurological ICU and the burn ICU at our university from January 1, 2012 to June 30, 2014. The neurosurgical ICU is a 30-bed unit that admits peri-operative neurosurgical patients, patients with aneurysmal subarachnoid haemorrhage, stroke patients of a haemorrhagic or ischaemic nature, and those with seizures or neuromuscular disorders. The burn ICU is an eight-bed ICU that is the only designated burn facility serving the entire North Florida and South Georgia regions. In the neurological ICU, patients are managed by the critical care team along with the respective neurosurgery or neurology team. The critical care team in the burn ICU manages the patients, along with the burn service team.
In the neurosurgical ICU, if patients are mechanically ventilated secondary to their primary neurological insult, they are routinely catheterized. Our institutional protocol calls for a urinalysis and urine culture to be sent after catheterization, with the decision to initiate antibiotic therapy based on the urinalysis result. Patients in the burn ICU are catheterized if they have large surface area burns covering > 15% total body surface area to guide fluid resuscitation, or if they require mechanical ventilation.
Patients older than 18 years old admitted to the respective ICUs from January 1, 2012 to June 30, 2014 who had a catheterized urinalysis and urine culture sent as part of their initial evaluation were included in the analysis. The presence or absence of fever, abdominal pain, dysuria, prior catheterization, prior antibiotics, oliguria, and pregnancy did not influence inclusion and were not recorded.
Treatment of presumed urinary tract infection based on urinalysis was at the sole discretion of the ICU teams. Antibiotics routinely administered for peri-operative prophylaxis did not exclude a patient from the study and were not recorded.
We defined a positive urine culture as ≥ 10 5 CFU mL -1 of pathogenic bacteria, with fewer than two species present, which is also the Centers for Disease Control definition [9] . Components of the urinalysis including leukocyte esterase, nitrite, white blood cell count (WBC), red blood cell count (RBC), protein, and bacteria were compared to final culture results. At our institution, leukocyte esterase and bacteria are respectively reported as ordinal results (negative, trace, small, moderate, and large, and none, rare, few, occasional, moderate, and many). To analyze our data in a binary manner, we dichotomized leukocyte esterase into two groups, namely: negative, and those with any amount of leukocyte esterase activity. Bacteria were similarly divided into none and those with the presence of any number of bacteria. Protein is reported in descriptive and numerical terms with ordinal gradation (increasing from negative to trace, then from 30 to 300 mg dL -1 ). We dichotomized protein into two groups of negative and those with any degree of positivity. WBC and RBC are reported as ordinal variables with discrete values which were analyzed as two groups (WBC 0 ≤ 4 per hpf and WBCs ≥ 5 per hpf, and RBC 0 ≤ 4 per hpf and RBCs ≥ 5 per hpf ), respectively. Urinalysis samples were analysed on an Arkray AZ-4280 (Arkray USA, Minneapolis, MN) analyser that is tested against College of American Pathologists standards.
A statistical analysis was performed using JMP 12.0 (SAS Institute, Cary, NC). Measures were summarized as mean and standard deviations (continuous) and percentages (categorical). Associations between measures were calculated using chi-square analysis. Contingency tables created from these analyses were then used to calculate odds ratios, sensitivity, and specificity, with 95% confidence intervals (CI) estimated for each of these metrics. P < 0.05 was considered statistically significant.
RESULTS
Samples from 169 patients were included for analysis (Table 1) . Fifteen patients did not have a WBC analysis and 14 had no results for RBCs. Males and females were equally represented, with a mean age of 51 years. Urine culture was positive in 9.5% (16/169) of patients. The mean age of patients with a positive culture was older than the negative culture group (59.6 ± 10.6 vs. 50.5 ± 13.0; P = 0.005). Although urine samples were obtained from catheterized specimens in 78.0% of admitted patients, there was no association between catheterized specimens and culture positivity (P = 0.77). The presence of a fever > 38.5°C was also not associated with culture positivity (P = 0.64).
Leukocyte esterase and pyuria > 5 WBC/hpf were the most sensitive indicators for culture positivity: 87.5% (95% CI: 71.3-100%) and 73.3% (95% CI: 51.0-95.7%), respectively ( Table 2) . Urinary nitrite was perfectly specific at 100%. Other components only revealed intermediate sensitivity and specificity, which are further described in Table 3 .
We also examined how well urinalysis results were interpreted. Of the patients, 56.3% with positive cultures did not have antibiotics initially started. Those patients (20.2%) with negative cultures received empiric antibiotics based on the urinalysis (Table 4 ). Healthcare providers relied strongly on nitrite positivity (P < 0.001), WBC > 5 (P < 0.001), and the presence of bacteriuria (P = 0.003) as decision-making drivers to initiate antibiotics.
dIScuSSIon
Prior studies on the test characteristics of urinalysis were mostly performed in an outpatient or emergency department setting, where history and physical findings influence patient selection. Our study focused on unselected ICU patients with the hypothesis that without history or physical findings to influence patient selection, urinalysis test characteristics would need to be interpreted differently. In our burn ICU and neurological ICU patients, the sensitivity and specificity of urinalysis components are consistent with what has been reported in the literature. In this study, four urinalysis components (leukocyte esterase, nitrite, WBC, and bacteria) had sufficient discriminatory value to be useful. We found that leukocyte esterase was 82.6% sensitive, consistent with the 50% to 97% sensitivity as previously reported. Urinary nitrite was 100% specific, which is also consistent with 92% to 100% specificity as previously indicated. The combination of leukocyte esterase and urinary nitrite could be used as an accurate, robust indicator for positive bacteria cultures. For other measures, pyuria with WBCs >5 per hpf was 72.7% sensitive for culture positivity, which is also within the range of 69% to 90% sensitivity as previously reported [6, 10] . We found that bacteriuria was 92.9% specific, within the range of 89% to 94% from prior studies [6] .
At our institution, the decision to start antibiotics based on urinalysis is often made by junior residents and advanced practice providers with varying years of experience. Our institution does not require the attendance or approval of a pharmacist for routine antibiotic initiation. This study also did not explicitly examine the training level or experience of the person ordering antibiotics because, as often happens in a team environment, the ordering provider may not necessarily be the decision maker. We found that over half of the patients with positive cultures did not have antibiotics initiated, and that nearly one in five patients with a negative culture received antibiotics inappropriately. Whether this represents clinical decisions based on uncaptured data such as urine appearance, clinical course, urine odour, systemic leukocytosis, culture positivity in another bodily location, or simply an error in test interpretation is unknown. We did find that leukocyte esterase, nitrite, WBCs > 5 per hpf, and the presence of bacteria are useful discriminators. However, healthcare providers used only three out of these four factors in their decision making, essentially ignoring leukocyte esterase. To our knowledge, no other study has examined how well healthcare providers interpret urinalysis, or the factors behind their treatment decisions. Several score-based decision aids have been developed to guide clinicians in predicting culture positivity and antibiotic use [10] [11] [12] [13] . Their utility, however, is limited by their poor performance, reliance on history and physical findings, as well as derivation of information from patients in ambulatory settings. While the Raw data are presented as number (%) or mean (SD); SD -standard deviation; hpf -high power field aim of our study was not to develop such a scoring system, we showed that when two urinalysis indicators were combined, their cumulative predictive value improved dramatically. Further work on such a scoring system could prove very useful. Our work has several important limitations. First, we make the assumption that culture positivity equals urinary tract infection and do not distinguish asymptomatic bacteriuria. Asymptomatic bacteriuria is common, with a prevalence that varies widely from 1% to > 20% of women residing in the community, and from 3% to 19% among elderly men in the community [14, 15] . Large prospective studies have shown that untreated asymptomatic bacteriuria has no impact on renal function, number of symptomatic urinary tract infections, or mortality. Indeed, Infectious Diseases Society of America guidelines recommend against testing for or treating asymptomatic bacteriuria, except for pregnant patients or those undergoing urological procedures [16] . The guidelines offer no counsel for ICU patients, however, and thus far no studies have evaluated the clinical impact of untreated asymptomatic bacteriuria on the critically ill. Furthermore, it may be impossible to establish the asymptomatic state in critically ill patients with altered mental status, limited examination, and myriad reasons for fever or leukocytosis.
concluSIonS
In conclusion, our study demonstrated no appreciable difference in the sensitivity and specificity of leukocyte esterase, nitrite, WBC, and bacteria in ICU patients as compared to other settings. The interpretation of urinalysis in order to determine infection appeared to be inconsistent, however. This resulted in patients being exposed to unnecessary antibiotics and the absence of treatment in patients who would have benefitted from such therapy. A score-based clinical decision aid may assist one in the interpretation of urinalysis.
